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L8523 ol some esters of alrhe~iislkylphosphono=-beta-trichliprostny.
pnosrhoric acid and derivatives of pyrophosphoric acid,
X.V.Nikonorov, G.M.Vinokurova and Z,G.3neranskava
_(A.B.Arbuzov Chem.Inst,,Kazan).

The present paper is in two varts., The first part deals with synthesi:
~? nlovha-dialkylphosphono-~beba-trichloroethyl didalkyl phosphates,

Recentlv the:-attention of Russian and foreign chemists has been directs :
t> the study of the reaction betwesen chloral and trialkyl phosphites.

1his reaction was first realized in Kazan by A,EB,Arbuzov and }.I,Alin~
ii1)'s Then it was studied by Perkow (2), He showed that the reaction does
rnt vield normal products of the Arbuzov rearrangement which contain the
:-C bond, but leads to formation of the dialkyl bdeta-dichlorovinyl phos-

rhetas:
(RO)ZF(O)OCH:0012

:~on other papers appeared, These were devoted to the study of the react:
~f cnlorel with dialkyl phosphites (3). ~ e e

Bv meafns’'of this reaction there were prepared the corresponding
i#1pha-hydroxy-beta-trichloroethyl dialkyl phosphonates:

(RO) 5P (0)CH(OH)CC14

These in turn can lose a mole of hydrogen chloride dby the aotion of aquec.
or ~lcohnllc solutions of alkalies and be reamranged into dialkyl beta-
dicnlorovinvl phosphates (4).

Iz the present paper there was undertaken the attempt to realize the
rsactlion between alpha-hydroxy-beta-trichloroethyl dialkyl phosphonates
and vsrious chlorides of dialkyl phosphoric acids,

The initial alpha-hydroxy-beta-trichlorosthylphosphonates (diethyl
and dimethyl) were prepared from chloral and dimethyl or diethyl phosphi<s
respsectively bv the method of Barthsl and coworkers (3) with the small
difference that the crude hydroxyrhosphonate was recrystallized not froem
a8 mixture of petroleum ether and small amount of benzens, but from cycic-
heéxane. ) .

Syntheslis of the alpha-dialkylphosphono-beta-trichlomoethyl dialkyl
rzosfrhates was realized according to the following equation:

(§0)2p(o)cu(0H)0013 *+ C1P(0) (OR) 5 +(C2Hg)4N = (RO),P(O)CH(CC15)OP(C)(

+
R= Me, Bt: R'=Bt, Pr, iso-Pr,Bu, 1so0-Bu (CaHg ) 4N, HC1

Trhis reaction could be run successfully in the medium of ethyl ether, bter-
zene, gasolims or ocyclohexane by atirring the reaction mixture made up
of ecuimolar amounts of the ma.erials for several hours,

The reaction proceeds rather sluggishly at room temperature. Hestin,
to 35-50° permits its acceleration and the contraction of the reaction
psried from 12-15 to 4-5 hours, The isolation of the final product of
‘G8 reaction and its purification were performed as usual: triethyl amire
Lydrochloride was filtered off, the solvent was removed and then a vacuu~
Clstillation was run. In some cases the preliminary puriffcation of the
crude reaction product was réalized either by moleocular distillation or
bv two o? three Yaahinga with water with subsezuent Arying over sodium
sulfate (table 1),
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. 8 nawly prepared esters were rather mobile colorlcss liquidQ winh
3 sak unpleasant odor, -
Tns initial tests of theses prerarations in their action of xrain W s

wire carrised out in the entomologicel laboratory of Kazan Section of tls
c.iamy of Sciences USSR by M,A.Kudrina; these showed that sll these sste:
ware considere bly more powsrful insecticidel substances than DDT. In thsi
contact action they approach such organophosphorus insecticides as tetr=-
ethyl pyrophosphate, ita mono-thiono analog and parathien,

‘It 1s rather interesting that compounds of this type turned out to bs
“invecticides with intraplant or systemic action against ohewing insects,
Thise nroperty was disoovered by the senior scientifio coworker of the
Institute of Fertilizers and Insectofungicides named after A.V.Samoilov,
E...lokrovskii, whose studied the action of diethylphosphono trichloro-
athyl diisonropyl phosphate on the chewing inseots and suggested the stuiv
of these compounds on a broader base.

The work on synthesis of this type and the atudy of their physiolusi
propertias will be oontinued.

The second part of the paper deals with work in the srea of synthesi:-
c{ soms derivatives of pyrophopphorioc acid, The study of properties of
eaters of pyrovhogphoric acid,their sulfur and their nitrogen conteininre
an~10gs showed tnat the majority of thessg ocompounds .have strong physiolni-
ical action including the insecticidal action.

Some representatives of this class of compounds, for exarple, tetrs-
3thvl pyroohosphate, octamsthyl pyrophosphoramide, findas application in
H»”iculture (5? Others, for example, tetraethyl monothiopyrophosrhate

a4 simultaneously powerful insecticidal-and interesting medicinal prevar-
Jtlons (agents for treatment of glaucoma} and other diseases).(6,7).

Svnthesis of various derivatives of pyrophosphoric acid can yield ne-

interesting{ from physiological sids) preparations,

Table 10 .
Formulas of compounds prepared, their basic physical constants and

analytical rcsults.zo 20
No, Formula Boiling pt. nD d Yicld, RD P analys:
Cal, Found W

Calc,.Fou..

1 (BtO)gP(O)Gl10013)OP(O)(Olt) 1.4642 1.3551 63,1 85,76 85.86 14,7 1.,
" /o ‘ - . 140

2 (BtO)ZP(O)CH(CCI )OP(O)(OPr)az 1.4580 1.290 58.2 94,98 95,03 13.8 1.
9-40/0 12,

3 (Bt0)2P(0)CH(CC14)OP(0) (OPr-is0),1, 4606 1.304 57.0 94.98 94.54 13.8 17,

129-31/0,02
4 (Rto)zP(O)CH(0013}OP(O)(OBuA! 1.4422 1.214 66,6 104.3 104.2 13,0 17,

5 (Bto)zP(O)CH(0013)OP(O)(OBu-iso) 1.4635 1.2657 53,5 104.3 104,0 13.0 =

140-2/0.05
6 (Bt0) P(0)CH(CC14)OP(0) (NMs,), 1.4682 1.1219 34.8 90.15 90,1 14,75

139-42/0208 - 14
1.
7 (ltO)?P(O)CH(CCIS)OP(S)(Oltal 1.4572 1.3036 41.1 91,04 90.9 14.2 14,
136-9/0, , - 14.
8 (MeO)2P(0)CH(CC1s)OP(0) (OBt) 11,4590 1.4128 35,5 76,81 76.1 15.8 1°.
- T 119—81/0.65 . 16,

o e
.
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s /60) ,F (OCH(CCIS)OP(0)(OPT),  1.4506 1.3228 50,6 86,75 85.73 14.7 L,
120-2/0,02 |
10 (Me0),P(0)CH(CCL )OP(O)(OPr-iso)f 540 1'2530 ‘41 5 85.75 85.62 14.7 1-
116-7/0.08 D T
11 (ueo)zp(o)cni(cc;s)ov(o)(onu)z 1.4515 1.2698 32,0 95.18 96,08 13.8 ﬁ:a
. 132-3/0,08 | |
12 (uoo) P(o)cn(ccls)or(o)(oaa-uo)

- 129-3:70‘0:’ 1 uoo 1;sou u.l mu u.so 13.8 13.¢
...... 13, -

Our small study or uu uru mthuu of estpr uidu or zyrophosphoric
acld was realized by the Teaction of ochloride or tetremethyldiamidophos-
phoric acid with various dialkyl thiophosphates. In this case there were
formed dialkyl tetramethyldismido thiopyrophosphates. Analogously, from
the chloride of tetraethyldiamidothiophosphoric acid were synthesized,with
the appropwtate dialkyl thiophosphates, the dialkyl tetraethyldiamido
dithiopyrophosphates shown in tadble 2., All the newly prepared wompounds wer.
mobile, colorless liquids with weak unpluunt odor, - .

‘ Tadble 2 : S,
Some constants of tho prepgged pound s,
No. Formula Bonlng pt. 4. d Yield P analysis,%
; 0.’0\md Calcd. Found

1 (l(ozN)zP(O)OP(S)(O?r)' m-oo/c 1.4"@ 1.110 50 88.18 88.78 18.7 18.6

18,59

2 (Mo R)oP(0)OP(8) (o&-xn)
a 188-e/3 1.4«9 PR 0 oe.s8 n.a 18.7 19.4
s (u-zn)zr(o)or(s)(ou), 184-7/1 1.4008° 1..691 45 81,3 92,39 17,2 }}Ig
s (uoan)zr(omp(s)(oh-m)' " 1.4082 1,088 30 u-.nn.n 17,2 iglge

(nzn)zr(s)or(s)(om' m-c/z 1.500 1,310 9998 n.oa 16.5 16.5
6 (Bt N),P(S)0P(S) (mhﬁmgtm 1.4070 1.000 49 108,4208,6 15.3 ing.
7 (BtzN),P(S)OP(S) (0Pr-1se) _31.4013 1.078 %8 1..0 ut.l 15,3 ig:gl
8 (BtgN),P(S)OP(S) (m)g nof-‘a/a 1.4960 1.068 25 m.a 18,8 14.2 14.35
9

(Bt oN) 2P(S)OP(8) (Oh-u{k" 1.4880 1.060 ao m.o uv.s 1¢.3 it.og
L od

Compounds or thia tm lhm by olhhnr “M dm Ln the hzan
Seotion of the Academy o; Sviences Ug- ’thu Soientifie Institute.

for Yertiligzers m 101«., nul after Ye.V.8am0ilov (Mosoow),
are insescticidal m h contest apd intraplest astion. In their
properties as iner-pl,alt meuu ﬂ!’ qp]l'n_., ;’t Wpyrophosphor-

amide, -
. ‘n ,. j‘: ’ e "3"‘-‘0.0,'0.‘ -»_-,‘3-':’-3 ;%”"
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*lonz with the prepartion of various esters amides of pyrophosphor:c .
~& a1lso set up a goal of synthesis of some alkyl 2-chlemoethyl derive: ':

this acid.
Tadble 3 ’ .
Formulas of the synthesized alikyl 2-chloroethyl esters of pyrophosphcr:

P analysis Insert. .

acid and soms of thoir-eogatanga :
No. Forsula Boiling pt. n2 a Yield
: : D 4 Calo.Pound acticn
arair
wesv ..
’ Conc.Dav .

i (cxcnzcazo)(xto)P(o)OP(O)(OIt) ‘
: 1367

| «02 1,4350 1.8778 47 19.4 19.3 8'25 2 L
2 (C1CH,CH,0),P(0)OP(0)(0Bt) e | ) i
N f647§/q,oz 1;¢999”1,3§?§LA&.JZ;Z,Lz.z.g.gi S
- S ' 0.5 1 .
3 (C1CH,CH,O0),P(0)OP(0) (OBt)OCH,CH,Cl | (a%g 1.42090 94 = = 0.1 2
orude - o . o 2.5 2
) e
4 (C1CH,CH,0),F(0)OP(0) (OCHpCH,CL} 5 - -~-1+4780 -1.4434 81 14.¢ 14,3 0.5 7
" orude . ' - 1 7 .
E[(ClCHgCHzo)‘(ItQ)P(O)]zo 145-5,5/0,02 ’ <
. _ 1,4450 1,3240 20 17.2 16.9 g.% ; ﬁ
6 [ (C1CH,CH,0) (PrO)P(0)7,0 162,5-3/0,08 | ’ R
) ) 0.1 5 P
. 2.5 5 i
<. . ' S o
? [(EtzN)(ClCHzCHzo)P(O)]zO 170-2/0.03 1,4640 1.2870 68 15,0 15.0 g.g 3 ‘
. | o ' | 1 7 1

- . o

The synthesis of ¢ ompounds of this type is of interest not omly-from the
visw.pcint of preparation of new physiologically active sudbstances but also for
the possibility of following the influence of ohlorine atoams in these compcundrc
~n the character of toxicity in respect to invertebrates and warm-bldoded ani:c-
sls, The effect of halogen atoms in organophosphorus ocompounds on their
chymiclogical activity is still insufficiently olear,

Ir some cases the substitution of alkyl radicals by chloroalkyls is not
accompanied by eny significant ohange of insectiecidal aotivity, Forexample,
tie istter remains the same im diethyl fluorophosphats, ethyl B-chloroethyl
fluorcrhosphate and di-2-chloroethyl fluorophosphate (5 .

I other cases the introduction of halogen produces a s}ight lowering of
the insecticidal activity, as .is ths ocase with tetrachlorodiisopropyl fluoro-
phosphate., Its toxlcity is some four times less than that df -diisoprppyl fluor.
phosphate (5)., Finally, what is spacially charscteristic of compounds with
«romatic radicals, the imntroduetion into an organophosphorus oompound of
halogen atoms sharply lowers the toxic action on wermssblooded animels (para-
thion, chlorothion) with but slight lowering of the inseotieidal action (8,9).

tn view of the fact that the influenee of chloro-oontaining radicals in tr-
s3ters and ester amides Of pyrophosphoric acid had not been studied in the
connection with altératIvli 6 ohesical and physiologicsl tl‘li it aeimed
:n*sresting to us to synthesise alkyl 2-chloroethyl esters pyrophosphoric
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‘V“—’Arﬁd;l aSaliabat- T ih"ﬂ T

caair etemical
-7 v*opboorhorLC ac.ii V=I's LTYfared b ch oomatoo
arrropriate chloridss of dialkyl phosphoric acidi, <.

vi.oich reaction is shown as follows:

o roc (CLCH_CH,_0) T (0)OF(0) (OCHyCH,C1)
5 2 27’2 2
ViRoVTOCL - (C1CH,VH,0) (RO)¥ (0)OP(0) (OCH,CH,C2 ' i%
TIICOLINE,) (cicH, ”HoO)(Etz“)P( )O}(O)(NEt )\OCH

"ma nitial cblorides of bis-3-chloroethyl and alkyl 2-ch1c"wﬂ
‘. wére pranored in 52«67 . yields. These chlorides wers r-«
. Cook and coworkers (ll). and by the reaction of ethvls:
~ruo oxychloride with subsequent treatmant of the thus forrss:
i .-crloroethyl phosphate with disthylanine (12) or alcoho™.
.rowing esuatlions:

Et{ + ¥0Cl, - C1CH CH,0POC]
3 5 = 2

ROH + lt N ' 2Bt ,NH
TN 2 (0) (OR)CL 4 Et,N, HCl ClCHzCHZOP(O)(NEtZ)Cl + E-ovEo

.. ¢l various 3Z-chlorostnvl esters of pyrovohosphoric acid
sticn 2t -850, The purificwtion-of cruds nroducts was don:
1nd tiasi by ordinary distillation in vacuum {(teble Z.).

rrniucts were obtsined in £0-90% yields. All alkyl o-o0l
>1. "urhorie sacid wers colorless viscous liquids wuileh -.uv
in.=noticidal propertisa which decline with the incrsase’ .

oroonensoin o the molecule of the ester. It was noted that in =
Lrict sy ionated radicals the toxicity is less than Ln ester

I Loceted radicals, _
Conclusions. . .
Tl sater: of alpha-dlialkylphosrhono-beta-trichloroethvl chos b oo

"~- .3 ’-chlorosthyl phosrhoric scids ware 3ynthesizad.
. 3n=rad substances have insscticidal -~rersrtias,
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